ABSTRACT: This paper uses a forecasting model to estimate the need for, supply of, and shortage of doctors, nurses, and midwives in thirty-nine African countries for 2015, the target date of the United Nations Millennium Development Goals. We forecast that thirty-one countries will experience needs-based shortages of doctors, nurses, and midwives, totaling approximately 800,000 health professionals. We estimate the additional annual wage bill required to eliminate the shortage at about $2.6 billion (2007 $US)-more than 2.5 times current wage-bill projections for 2015. We illustrate how changes in workforce mix can reduce this cost, and we discuss policy implications of our results. [Health Affairs 28, no. 5 
doctors, nurses, and midwives-based on a country needing 2.28 health care professionals per 1,000 population. 2 The WHO found that countries below this threshold were, on average, unable to achieve an 80 percent coverage rate for deliveries by a skilled birth attendant. In addition to health worker shortages, nearly all African countries face skill-mix imbalances, uneven geographic distribution, negative work environments, and a weak knowledge base. 3 The lack of health workers is a major bottleneck in implementing evidence-based interventions, thus providing a significant challenge to meeting the Millennium Development Goals. 4 The development of the health-sector workforce in low-income countries has suffered from years of neglect. 5 Many African nations struggle with corruption, political instability, and ineffective institutions, which drain them of resources to train and maintain adequate numbers of health care professionals. Moreover, these professionals sometimes migrate to high-income countries that pay higher wages. 6 The lack of health workers has become the binding constraint in implementing many priority health programs in Africa. 7 Achieving the health Millennium Development Goals will require major health workforce investments, which are strategic because they affect the overall performance of health care systems. 8 A number of studies have examined the skill mix of health workers as a possible solution to overall shortages. The results have shown that shifting to less-trained workers can be cost-effective in some circumstances. 9 Substitution of health workers in Africa with less training than nurses resulted in cost savings in one study but did not in another. 10 Establishing appropriate roles for each category of health worker and the optimal worker mix will continue to present a major challenge to health care professionals, managers, and policymakers.
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One important study presented an alternative approach to addressing the supply of health care professionals by providing a framework to examine the supply from a labor-market perspective. 12 Such alternative approaches will be needed to effectively address the health worker crisis in Africa.
Funders and policymakers need forecasts to plan ahead and make efficient decisions about the number, training level, and distribution of health workers required to meet the Millennium Development Goals. 13 This paper provides empirically based forecasts for doctors, nurses, and midwives in Africa in 2015. It extends Richard Scheffler and colleagues' recent doctor need and supply forecasts to nurses and midwives-two other types of health workers that are critical to successful implementation of the goals.
14 Specifically, the study addresses three important, interrelated questions using the most current and accurate data available: (1) What is the projected health workforce shortage (or surplus) of doctors, nurses, and midwives in Africa by country in 2015? (2) What will be the annual wage bill required to pay for these health care professionals? (3) How do different skill mixes of doctors, nurses, and midwives change the annual wage bill? We conclude by discussing the policy implications of our findings from these three questions.
Study Data And Methods
n Data. Data on the number of doctors, nurses, and midwives by country are from the WHO Global Atlas of the Health Workforce database (as of 1 March 2007). 15 Doctor and nurse wage data are from the Occupational Wages around the World (OWW) database, published by the National Bureau of Economic Research. Because of the lack of specific data on midwives' wages, we assumed that a midwife's wage was equal to that of a nurse. 16 Projected population numbers were obtained from the United Nations Population Division. 17 n Estimating workforce need, supply, and shortage. For thirty-nine African countries, we estimated each country's shortage (or surplus) of doctors, nurses, and midwives in 2015 as follows: (1) estimated the workforce need by worker type, (2) estimated the workforce supply by worker type, and (3) estimated the workforce shortage by worker type, which is the difference between the first two estimates.
Following the WHO, we assumed that each country needs 2.28 doctors, nurses, and midwives per 1,000 population. 18 The WHO threshold is bolstered by other studies that found either a similar threshold or a positive relationship between health worker density and health outcomes or vaccination coverage. 19 We then assumed that the 2.28 health care professionals per 1,000 population comprise 0.55 doctors, based on Scheffler and colleagues, leaving the remainder at 1.73 nurses and midwives. 20 We did not determine the nurse-midwife mix within the 1.73 number because these data are not normally disaggregated or available.
We then estimated each country's supply of doctors, nurses, and midwives in 2015 using a combination of previous estimates and data. 21 For doctors, we used Scheffler and colleagues' supply estimates because, to our knowledge, theirs is the only study that forecasts doctor supply by country in 2015, and its forecasting methodology used the most comprehensive data available, including up to twenty-two years (1980-2001) of a country's doctor-supply data. 22 To obtain the nurse and midwife supply estimate, we calculated the nurse-plus-midwife-todoctor ratio for each country using the WHO Global Atlas data, and we then multiplied this ratio by the number of doctors from Scheffler and colleagues' study.
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To calculate the workforce shortage (or surplus) for each country by worker type in 2015, we subtracted each country's supply from its need by worker type. To state the shortages in a single dimension, we also calculated each country's health care professional shortage (or surplus) in doctor-equivalent units by assuming that a nurse or midwife was equal to 0.8 doctors. Because there are few reliable estimates of what this relative productivity factor is in low-income countries, we chose 0.8 based on estimates in the United States, while recognizing that the factor may be higher in low-income countries because a greater share of doctors' tasks in these countries involves primary health care. 24 Moreover, we performed sensitivity analyses by allowing this factor to vary between 0.7 and 0.9. By measuring the workforce in doctor-equivalent units, we could examine changes in the workforce mix by substituting nurses and midwives for doctors, based on nurses' and midwives' productivity relative to that of doctors.
n Calculating the wage bill to fill health workforce shortages. The wage bill for health workforce need is the amount required to pay for a workforce of 2.28 health care professionals (0.55 doctors and 1.73 nurses and midwives) per 1,000 population, and the wage bill for health workforce supply is the amount required to pay for the estimated workforce supply. The wage bill for the health workforce shortage is the difference between the need and supply wage bills. We calculated the annual wage bill for health workforce need by summing the wage bill of doctors and that of nurses and midwives. For doctors, we multiplied the number of needed doctors by doctors' wages for each country. We did the same calculation for nurses and midwives and used each country's nurse wages (because midwife wages were not reliably reported). We used this same process to calculate the annual wage bill for health workforce supply.
We then recalculated the need wage bill under various workforce-mix scenarios, all of which increased the number of nurses and midwives relative to doctors, holding the number of doctor-equivalent units constant. We assumed that the supply wage bill would not change, because that is the wage bill that the country is estimated to be willing and able to pay. The difference between these two wage bills resulted in a new wage bill required to eliminate the workforce shortage.
For these forecasts and calculations, we caution the reader that given the quality of the available data and the assumptions that are required, these estimates are to be considered as rough orders of magnitude. But waiting for ideal data is not an option, given the dire health problems in Africa.
Results
We estimated that thirty-one of the thirty-nine African countries analyzed will experience a shortage of doctors, nurses, and midwives in 2015 (Exhibit 1). The estimated shortage is overwhelming. We estimated the total need for doctors, nurses, and midwives to be approximately 1.163 million, whereas supply is estimated to be only 371,000-just 32 percent of need. Our estimated shortage of 792,000 health care professionals includes 240,000 doctors and 551,000 nurses and midwives. 25 When these figures are broken out by country (Exhibits 2 and 3), the doctor shortage ranges from 0.23 per 1,000 population in Comoros to 0.54 per 1,000 population in Mozambique. The nurse and midwife shortage ranges from 0.03 per 1,000 population in Sierra Leone to 1.62 per 1,000 population in Madagascar. Two countries had surpluses of nurses and midwives.
Exhibit 4 provides the annual estimated wage bill required to pay for needed and supplied health care professionals by country (columns 1 and 2). The difference between these two wage bills is the shortage wage bill, which is also presented for doctors versus nurses and midwives (columns 3-5). The annual wage bill to pay for the need in the thirty-one countries with projected shortages is approximately $3.6 billion (in 2007 U.S. dollars), and the annual wage bill for the supply is approximately $1 billion. The $2.6 billion difference is the annual wage bill required to eliminate the health care professional shortage for these countries, including $1.1 billion for doctors and $1.5 billion for nurses and midwives.
26 Doctors represent 42 percent of the wages needed to eliminate the shortage but only 30 percent of the health care professional shortage.
Next, we examined how altering the workforce mix would affect the annual wage bill required to eliminate the workforce shortage. Exhibit 5 shows the percentage savings from the $2.6 billion required to eliminate the health care professional shortage by increasing the nurse-plus-midwife-to-doctor ratio by different percentages and assuming that a nurse or midwife was equal to either 0.7, 0.8, or 0.9 doctors. For a given increase in the nurse-plus-midwife-to-doctor ratio, the savings increased as a nurse's or midwife's assumed productivity became relatively more equal to a doctor's. Increasing the ratio by 50 percent resulted in savings of 2.1 percent when a nurse or midwife equaled 0.7 doctors, and the savings increased to 4.7 percent when a nurse or midwife equaled 0.9 doctors. When a nurse or midwife equaled 0.58 or fewer doctors, no savings resulted from increasing the nurseplus-midwife-to-doctor ratio. 27 
Discussion
We estimate the shortage of doctors, nurses, and midwives for thirty-one African countries in 2015 to be approximately 792,000 health care professionals, and the estimated annual wage bill necessary to eliminate the shortage is approximately $2.6 billion (in 2007 U.S. dollars). This wage bill could be decreased by increasing the ratio of nurses and midwives to doctors because doctor wages are higher than nurse and midwife wages. Our study provides a framework to analyze different workforce-mix scenarios, based on health care professionals' relative wages and productivity. Our results show that most countries with shortages can eliminate those shortages for less money by changing their health workforce mix. S u b -S a h a r a n A f r i c a NOTES: Presented in descending order of doctor equivalents. A positive number of workers per 1,000 population represents a shortage, and a negative number represents a surplus. Only Gabon and Angola had nurse and midwife surpluses, but these surpluses did not offset their respective doctor shortages when measured in doctor-equivalent units. The number of doctor equivalents is equal to the number of doctors plus 0.8 times the number of nurses and midwives. Nigeria, Republic of Congo, Botswana, South Africa, Algeria, Mauritius, Namibia, and Swaziland were not estimated to have shortages when measured in doctor-equivalent units; therefore, these countries were excluded from this exhibit. Numbers might not add to total because of rounding. A sample calculation using Mozambique follows. We assumed the need to be 0.55 doctors and 1.73 nurses and midwives per 1,000 population. We estimated that Mozambique's supply of doctors in 2015 would be 0.01 per 1,000 population, resulting in a shortage of 0.54 doctors per 1,000 population. Similarly, we estimated that its supply of nurses and midwives would be 0.14 per 1,000 population, resulting in a shortage of 1.59 nurses and midwives per 1,000 population. This results in a total shortage of 2.13 health care professionals per 1,000 population, or a doctor-equivalent shortage of 1.81 health workers per 1,000 population. The 1.81 doctor-equivalent shortage per 1,000 population is equal to the 0.54 doctor shortage plus 0.8 times the 1.59 nurse-and-midwife shortage, because one nurse or midwife was assumed to equal 0. NOTES: Positive dollar amounts represent millions of dollars required to pay the wage bill, and negative dollar amounts represent surpluses. Gabon and Angola had estimated surpluses of nurses and midwives; therefore, they had a surplus nurseand-midwife wage bill. However, each of these countries' respective surpluses were more than offset by its doctor-shortage wage bill, resulting in a net shortage wage bill. Nigeria, Botswana, South Africa, Algeria, Mauritius, Namibia, Republic of Congo, and Swaziland were not estimated to have shortages when measured in doctor-equivalent units; therefore, these countries were excluded from this exhibit. An explanation of the first row of the exhibit follows. The total estimated annual wage bill for the needed and supplied doctors, nurses, and midwives is $3,607 million and $1,002 million, respectively, resulting in a shortage of $2,605 million. This shortage is composed of $1,097 million for doctors and $1,508 million for nurses and midwives. Numbers might not add to total because of rounding. a Thirty-one shortage countries.
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Our shortage estimate of 792,000 professionals is similar to the WHO's 818,000 shortage estimate; however, the supply and shortage estimates by country sometimes differed because we used different methods, and our estimates were based on forecasts in 2015, while the WHO's estimates were as of 2006. 28 Even with these differences, for the vast majority of countries that both studies analyzed, the studies were consistent in finding either a surplus or a shortage.
Funds required to eliminate the health care professional shortage, even under optimistic scenarios for economic growth as well as governments' commitments to the health sector, will be difficult for countries to generate. Funds in addition to the wage bill would be needed to hire health care support staff; train the new professionals and support staff; and pay for expenses such as supplies, pharmaceuticals, equipment, and facilities. Based on health care expenditures reported by the WHO and wage data from the OWW database, the health care wage bill for doctors, nurses, and midwives represented 14 percent of health care expenditures in these thirty-one countries in 2003. Based on that percentage, the $2.6 billion wage bill shortfall is equivalent to an annual shortfall of $19 billion in total health care spending.
29 Global aid will help, but the approximate $16.7 billion in global aid for health each year is not enough to solve sub-Saharan Africa's shortage, let alone that of the entire world. 30 Additionally, the estimated cost to train 1.5 million health workers is $26.4 billion, and this estimate was based on approximately the S u b -S a h a r a n A f r i c a n Study limitations. Our estimates are to be viewed as rough orders of magnitude because, like other studies examining health workers in Africa, the greatest limitation of our study results from poor data quality. The WHO provided the health care professional supply estimates for our study (and for those of Scheffler and colleagues' earlier study). 32 The WHO obtains the number of health care professionals from four major sources: government administrative systems, national population censuses, employment surveys, and health facility assessments. Most of the data from sub-Saharan Africa are based on government payroll and administrative registration sources, which may vary in quality across countries for a number of reasons. For example, the administrative data may count doctors who only work part time for the public sector as working full time, and they may also count doctors on the public sector's payroll who actually do not work in the public sector (also known as ghost workers). The estimates also tend to undercount health care professionals who work in the private sector only. Countries do not use the same definitions to define health care professional occupations; the definitions vary based on education and training requirements.
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These data limitations could be reduced if more resources were allocated to improve the administrative systems or to fund employment surveys. Standardizing the definitions of health care professional occupations across countries (for example, using the most recent International Standard Classification of Occupations [ISCO-08]) would improve shortage estimates within occupations. These same recommendations also apply to improving the quality of the wage data.
n Policy implications. Given the estimated shortage of health workers and the lack of available funds to alleviate it, several policy options can be recommended. We focus on three that involve productivity and training: (1) workforce skill-mix changes, (2) worker incentives, and (3) training capacity.
Productivity increases are important to reduce shortages. To illustrate, a productivity increase of 3 percent per year from 2008 through 2015 would lower the number of needed health care professionals by about 19 percent, which would reduce the shortage from 792,000 to 575,000. The workforce skill mix and worker incentives both affect productivity.
Skill mix. Changes in skill mix and redistribution of tasks among health workers holds some promise for alleviating shortages. 34 Substitution of health workers with less training than nurses in Africa is cost-effective because of relatively faster training and higher retention within their country and in rural communities. 35 A large increase in the number of mid-level and community health workers, who can provide support for doctors, nurses, and midwives, could be a partial solution. 36 A policy recommendation report cites task redistribution studies in Malawi, Mozambique, and Uganda but notes that there has been resistance from professional groups because of concerns about quality and safety. 37 Another study emphasizes the importance of appropriate supervision and systems support. 38 Further research is required to provide country-specific recommendations.
Incentives. Incentives for workers are necessary to improve motivation and morale. Senior managers and policymakers must help by establishing occupational health services, improving poor work environments, and developing new career systems. Programs are needed to prevent and treat workplace risks (such as protecting workers from HIV/AIDS and providing HIV testing). 39 Poor work environments must be improved by strengthening management of existing resources; assuring adequate supplies, facilities, and technology; and creating monetary and nonfinancial incentives to retain and motivate health workers. 40 One monetary incentive scheme, pay-for-performance (P4P), is being tested in the United States; some studies show a modest effect on quality of care. 41 The studies cannot determine whether to attribute the improvements to the incentives themselves or to the education that accompanies P4P programs that were studied; the two interventions occur simultaneously. 42 The response of health workers in low-income countries to monetary incentives is still largely unknown, but the World Bank is studying incentives in Rwanda, Ghana, and Malawi. 43 In-country funds are limited for productivity-improving investments; the donor and international community must play a key role in this effort.
Training capacity. Countries with estimated health care professional shortages must increase their training capacity, reduce the training dropout rate, improve the quality and consistency of secondary education to increase the number of eligible students, and provide continuous learning opportunities. 44 Training capacity and quality can be improved by establishing and strengthening partnerships between training and education institutions from low-and high-income countries, to which the World Health Organization is committed. 45 The additional health workers will need to be either trained in-country or hired from other countries. Training health workers within these countries would take some time: three years for a nurse and up to ten years for a doctor, plus an additional five to ten years to add training capacity. 46 The relatively low wages paid in these countries means that it will not be very feasible for them to hire health workers from middle-or high-income countries.
T h e r a pi d s c a l i n g u p o f p r o d u c t i o n an d deployment of a welltrained health workforce requires a sizable investment. 47 The international community, which has made commitments to supporting developing countries to achieve the Millennium Development Goals, must increase funding to support this critical area. The 2008 Group of Eight summit committed support to in-creasing the number of health care professionals; this follows the framework of the 2008 Kampala Declaration and Agenda for Global Action. 48 No one seems to disagree-there is clearly a need to scale up the health workforce in sub-Saharan Africa. 49 However, macroeconomic and fiscal realities present major challenges. Therefore, the global community will need to support the development of the health workforce to meet the health Millennium Development Goals. It is important that the global community's efforts be well coordinated, that workforce planning decisions be based on high-quality data, that workforce skillmix changes be considered, that productivity improvements be implemented, and that training capacity and quality be increased. This will improve the health and, ultimately, the quality of life of the world's poorest citizens.
